The extents of grain-boundary diffusion of mercury into 70/30 brass and of 3% Zn amalgam into aluminium were evaluated by a simple tensile-test. Without knowing the penetration depth, the data on the diffusiontreated specimens can be analyzed by the equation the treatment, a and b are the breadth and thickness of the specimen, k is the parameter for the diffusion path, D is the diffusion coefficient, and t is the contact time.
I. Introduction
Most works on liquid metal embrittlement up to 1960 are compiled by Rostoker et al.
(1) They stated that grain boundary diffusion is not an origin of embrittlement, since its rate, in general, is too small. However, Waterhouse et al. (2), performing the experiment on 70/30 brass wetted with mercury, suggested that dissolution of zinc from grain-boundaries into mercury accelerates the degree of embrittlement. From a work on the Cu-2% Be alloy in the presence of a liquid 2% sodium amalgam, Rinnovatore et al. (3) found that the contact time of the liquid metal with the solid is a factor affecting the degree of embrittlement.
Then, the extent of grain boundary diffusion of a liquid metal has to be determined. If the embrittling liquid is in the solid state at room temperature, the diffusion depth is easily determined by ordinary metallographic techniques, as done by Bishop et al. (4) Since mercury which is often used as the embrittling liquid is -still in the liquid state at room temperature, the ordinary techniques cannot be adopted.
The purpose of this paper is to determine the degrees of grain boundary diffusion of mercury into 70/30 brass and of 3%Zn amalgam into aluminium by a simple tensile test and to assess the role of diffusion in embrittlement.
II. Materials and Experimental Procedures
70/30 brass was prepared from 99.99% copper,and 99.99% zinc. From a sheet of brass, 1mm thick, which had been cold rolled by 11%, ordinary tensile specimens were obtained. The gauge section was 20 mm in length and 15mm in breadth.
99.99% aluminium was also used. From a 3mm thick sheet of aluminium which had been cold rolled by 88%, tensile specimens with the gauge section 20mm in length and 20mm in breadth were obtained.
To control the grain size, annealing was performed for 2hr for aluminium, respectively. In order to avoid thermal stress, the specimens were slowly furnacecooled.
The grain sizes thus obtained were 0.053 and 0.20mm, respectively. The brass specimens were chemically polished in a mixed solution of H2SO4, HNO3, and HCl for 1 min and the aluminium specimens were chemically polished These specimens were washed with water and alcohol, and were dried. The gauge section of the brass specimen was wetted with mercury, and that of the aluminium specimen with 3%Zn amalgam. After that, the gauge sections were immersed in the mercury and amalgam pools in an Isolite brick, respectively. The assembly was 2 to 72hr. Although the function of liquid metals in embrittlement has not been established, there are several reasonable proposals: e.g., decreasing of the surface energy of the solids(') and weakening of the bond strength of the stressed solids(5)- (9) . At any rate, it seems neccessary that the liquid metal atom does not bind strongly with the solid atom.
The present interpretation on the decrease in fracture load with time is based on the following idea: 1) The notch sensitivity at grain-boundaries may be neglected, 2) the mechanical strength of the diffusion zone is far weaker than the other parts of the specimen, and 3) the parabolic diffusion law can be applied.
Although the penetration depth depends largely upon the degree of misorientation, our interest is confined to the favourably oriented diffusion path, since it gives a maximum decrease in effective area to support the load. Then the fracture stresses before and after the diffusion treatment may be equal and the condition is expressed as follows:
( 1) where F0 and F are the fracture loads before and after the diffusion treatment, a and b are the breadth and thickness of the specimen, and x is the depth measured in the direction perpendicular to the specimen surface. If x is not large compared with a or b, Equation (1) is solved with respect to x.
(2)
On the other hand, the parabolic diffusion law is expressed in the following way:
where k is a parameter for the zigzag diffusion path in the polycrystalline specimen. Strictly speaking, D in Equation (3) represents an order of magnitude, since the concentration of the liquid metal at the distance of x perpendicular to the specimen surface is unknown. But the value of the activation energy obtained from such diffusion coefficients at different temperatures is absolute. Inserting Equation (2) into Equation (3), the following expression is obtained: straight-line relation holds good. The slopes of the straight lines are related to the diffusion constants of the liquid. The data on aluminium are shown in Fig.  4 . The values of k for the brass and aluminium specimens were determined from the photomicrographs to be 1.6 and 1.3, respectively. The diffusion constants obtained from the slopes and Equation (4) are represented in Fig. 5 , according to the conventional plot. The obtained activation energy and frequency factor are summarized in Table 1 . Table 1 In the case of brass, it requires 35 days to produce an 1% decrease in fracture load, i.e., only 2.23Kg. This prediction is in good agreement with the observation(10) that during the contact time of 90 days the fracture stress of brass wetted with mercury remained constant.
IV. Summary
The extent of grain boundary diffusion in these systems was evaluated by a simple tensile test.
The diffusion rate at room temperature, which was obtained by the extraporation of the data at elevated temperatures, can be neglected. Then the role of diffusion in the magnitude of embrittlement is not significant in these systems.
